Fine-scale movement of the European hedgehog: An application of spool-and-thread tracking by Shanahan, D. F. et al.
160	 NEW	ZEALAND	JOURNAL	OF	ECOLOGY,	VOL.	31,	NO.	2,	2007












Abstract: The European hedgehog is a significant predator species of rare and endangered ground-nesting birds in 
the	riverbeds	of	the	Waitaki	Basin,	South	Island,	New	Zealand.	Studies	focusing	on	the	movements	and	habits	of	this	
species	have	generally	been	limited	to	broad-scale	radio-tracking	studies	or	incidental	trap-catch	data.	Within	our	









types significantly more than the centre of habitat patches. We found the spool-and-thread tracking technique does 


























birds. This information has been identified as essential for 
determining	optimum	placement	of	traps	and	poison	bait	
stations; but such knowledge may also support alternative 
management	strategies	(such	as	habitat	manipulations)	that	
may	discourage	predators	from	important	conservation	
areas (Norbury et al. 1998; Ragg & Moller 2000). 
Few	studies	have	investigated	movement	behaviour	
of	 hedgehogs	 in	 relation	 to	 landscape	 and	 vegetation	
structure and composition; those that have, have generally 
used	broad-scale	techniques	such	as	radio	tracking	(e.g.	
Morris 1986; Baker 1989; Moss 1999), or incidental trap-
catch	data	analysed	post hoc	(Cameron	et	al.	2005).	Such	
studies	have	provided	information	that	can	aid	predator	
management at a broad scale (e.g.  Berry 1999; Ragg & 
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Moller	2000).	However,		there	is	some	indication	from	
these broad-scale studies that fine-scale habitat structure 
may	 play	 an	 important	 role	 in	 determining	 the	 areas	
individuals	will	move	through.	For	example,	Doncaster	
et	 al.	 (2001)	 used	 radio-telemetry	 to	 demonstrate	 that	
displaced	 hedgehogs	 showed	 an	 attraction	 to	 habitat	
edges,	which	were	believed	to	act	as	corridors	to	better	
locations.	Also,	in	an	incidental-trap-catch	study	Cameron	
et	 al.	 (2005)	 found	 that	 hedgehogs	 were	 most	 often	
caught	in	traps	within	2.5	m	of	low	vegetative	cover,	and	
along	predator	pathways.	These	studies	raise	questions	
as	 to	 whether	 these	 structures	 are	 used	 continuously	
during	foraging	trips,	or	whether	there	are	other	areas	or	
landscape	structures	that	trapping	efforts	should	focus	on	
more to improve trap efficacy. This is the basis for the 
current	research.







as ungulates and wolves (Merrill 2000; Johnson et al. 
2002).	Commercially	available	GPS	devices	are,	however,	




tracking fine-scale movements of small mammals (Miles 
et al. 1981; Woolley 1989). In an environment such as 
the	Waitaki	Basin,	the	thread	progressively	unravels	and	
snags	 on	 boulders	 or	 vegetation	 as	 the	 animal	moves,	
recording	 every	 turning	 point.	 In	 combination	 with	







research techniques for investigating the fine-scale habitat 







(1) Is a very fine-scale movement study meaningful? i.e. at 
a very fine scale, do hedgehogs move in a random fashion 
or are there obvious patterns in this movement?
(2)	Which	habitat	or	vegetation	types	appear	to	be	important	
for foraging hedgehogs?  How often do hedgehogs frequent 
the gravel/rocky areas where river birds nest? 






riverbeds,	Waitaki	 Basin,	 South	 Island,	 New	 Zealand	
(44°16–20´ S; 170°5–13´ E; Fig. 1). The river areas used 
in	this	study	comprise	long	stretches	of	rocky	and	gravel	
areas interspersed with low-flow waterways. The water 
flow is heavily controlled by hydro dams located at the 








classified Ikonos satellite image, with 4-m resolution. The 
final habitat map was composed of six vegetation classes, 
considered	to	represent	the	major	structural	elements	of	
the	vegetation	in	the	braided	riverbeds.	This	number	of	
classes also provided a very high level of classification 
accuracy.	The	Ikonos	image	was	captured	on	1	December	
2002.	 The	 vegetation	 structure	 was	 unlikely	 to	 have	
changed significantly in the period between the image 
capture	 and	 the	 tracking	 element	 of	 this	 study	 (spring	
and summer 2003), as no flood events were experienced 
in	the	riverbeds	in	the	years	between	and,	as	mentioned,	




habitat map were: water; rocks and gravels; low-density 
vegetation on bare soil; dense grassland; medium- to 
high-density shrubs; high dense willow trees.
Animal trapping and tracking
Thirty	 hedgehogs	 (15	 males,	 15	 females)	 were	 live-
trapped	using	20	Holden	 live-capture	box	 traps	 (Mike	
Holden; www.traps.co.nz) and 50 Grieves cage traps 
(Grieves	Wrought	Iron	and	Wirework,	302	Travis	Road,	
Christchurch,	 New	 Zealand).	A	 total	 of	 1500	 ha	 was	








Spool-and-thread	 tracking	 devices	 were	 attached,	
and	the	animals	were	released	at	dusk.	A	spool-and-thread	








this	 length	 encompasses,	 but	 no	 hedgehogs	were	 ever	




a fixed object and the animal was released at dusk. The 
resulting	trail	was	followed	and	mapped	the	next	morning	
using	 a	 GeoExplorer	 3	 GPS	 unit	 (Trimble).	 Location	
fixes were recorded every five seconds. Tracks were then 
downloaded	and	differentially	corrected	within	Trimble	
Figure 2.	 European	 hedgehog	 with	 a	 spool-and-thread	
backpack	attached.




Analysis of animal movement paths
Three	aspects	of	hedgehog	movement	pattern	and	habitat	
selection	were	investigated	to	address	the	three	questions	
posed in the introduction: (1) test for random movement; 
(2) preferred habitat types; and (3) use of habitat edges.
Test for random movement
This	 analysis	 was	 carried	 out	 to	 determine	 whether	
hedgehogs	move	 through	 their	 landscape	at	 random	at	
this fine scale, or whether the animals make directional 
choices due to other, potentially measurable fine-scale 
factors	(e.g.	habitat	structure).	The	linearity	of	all	tracks	
was	 compared	 with	 that	 of	 random	 walk	 tracks.	 One	











of the track); and (b) LI: the total linear distance between 
the	start	and	end	points	of	an	animal’s	path,	divided	by	






movement path was significantly more linear than would 
be	 expected	 if	 turning	 angles	 were	 made	 at	 random.	
Alternately,	if	the	R2	and	LI	of	an	observed	animal	track	
was	in	the	lower	5%	of	the	range	of	values	for	the	random	
walk	 tracks,	 then	 the	 observed	 track	 was	 considered	
significantly more constrained than would be expected 












with	 the	 habitat	map	 and	 animal	 tracks.	This	 includes	
maximum	error	in	the	geo-referencing	of	the	Ikonos	image	
(± 6 m); horizontal precision of the animal tracks recorded 











of used habitats (Aebischer et al. 1993); this substitute 
value	was	0.001.	
Use of habitat edges
This section of the analysis aims to provide quantifiable 
evidence for fine-scale preferential boundary use as 
described by broad-scale habitat-use studies (Baker 1989; 
Pascoe 1995; Ragg & Moller 2000; Doncaster et al. 2001). 
A landscape index (edge-density index; edge length (km) 























independent.	 We	 attempted	 to	 carry	 out	 a	 Repeated	
Measures	 anova to deal with this non-independence; 
however,	as	the	degrees	of	freedom	within	this	test	are	









Hedgehogs often did not follow existing animal runs; 
rather	tracks	would	often	amble	through	dense	grass	(Fig.	
3).	 Short-term	 nests	 (where	 the	 animal	 had	 obviously	
remained	for	a	portion	of	the	night	–	string	was	balled	





Test for random movement
The	R2	values	for	12	females	(80%	of	females)	and	13	
males (87.5% males) were significantly higher than for 
the	 corresponding	 random	 tracks.	The	LI	 values	 for	 7	
females	 (46.7%	females)	and	14	males	 (93.7%	males)	
were significantly higher than the corresponding random 









type	 in	 the	 buffer	 zone	when	 animals	 walk	 alongside	
rivers	or	lakes.





bare soil >>> rocks/gravels >>> water (Table 1; >>> 
denotes a significant difference between two consecutively 
ranked	habitat	types).	Rocks/gravels	and	water	were	used	







Use of habitat edges
The	mean	edge-density	values	for	male	hedgehogs	were	
significantly higher (t-tests,	 P < 0.001; Fig. 4b) than 
the values for the random tracks for five habitat types. 
All	 habitat	 types	 produced	 a	 P-value	 at	 this	 level	 of	
significance. The habitat edges used more than randomly 
were:	rocks/gravels,	high	dense	willow	trees,	medium-	to	
high-density	 shrubs,	 dense	 grassland,	 and	 low-density	
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Figure 3.	 Examples	




































This study successfully used fine-scale movement data 
from	 spool-and-thread	 tracking	 and	 high-resolution	
satellite	 imagery	 to	quantify	habitat	and	 landscape	use	
by hedgehogs. This methodology provided quantifiable 
evidence	for	hedgehog	movement	patterns	that	previously	



























movements	 were	 initially	 observed	 in	 the	 tracks.	 As	







The	 lack	 of	 a	 temporal	 dimension	 to	 the	 animal	
movement	paths	in	this	study	could	also	place	limitations	
on	 the	 interpretation	 of	 this	 data,	 though	 the	 power	
and fine-scale information gained can be considered a 
beneficial compromise. The spool-and-thread tracks give 
no	indication	as	to	the	amount	of	time	an	animal	spent	
in	each	habitat	patch,	so	the	implicit	assumption	in	this	
study	 is	 that	presence	 in	 a	habitat	 type	 is	 an	 adequate	
measure	of	relative	intensity	of	use	for	active	purposes	













fine-scale data for this study, and was inexpensive 
and	 accurate.	 There	 are	 currently	 no	modern	 tracking	
techniques	 that	 can	 provide	 the	 researcher	 with	 more	
accurate	 information.	 The	 spool-and-thread	 technique	
also	has	the	potential	to	allow	the	researcher	to	answer	











tracks	 tended	 to	 be	 more	 linear	 than	 female	 tracks.	





















confined area than males is supported by the smaller 
home-range	size	of	female	hedgehogs	observed	in	many	
studies	(Moss	&	Sanders	2001).	
The	 hedgehogs	 in	 this	 study	 tended	 to	 remain	
preferentially	in	dense	grassland.	Cameron	et	al.	(2005)	
also	 found	 that	 hedgehogs	 were	 best	 trapped	 in	 low	
vegetation	 rather	 than	 bare	 substrate,	 supporting	 our	
finding. The most obvious potential explanation for the 
preference	 for	 grassland	 is	 a	 possible	 higher	 relative	
abundance	 of	 insect	 prey	 species	 in	 this	 habitat	 type.	
Previous	studies	in	Europe	have	found	strong	links	between	
hedgehog	 distribution	 and	 the	 density	 of	 invertebrate	
prey species (Micol et al. 1994; Cassini & Föger 1995). 








that	 fine-scale	 landscape	 structure	 is	 important	 to	
hedgehogs.	 In	 this	 case	 habitat	 boundaries	 were	 used	
preferentially	over	more	central	areas,	though	this	pattern	
was	much	stronger	in	males	than	in	females.	We	suggest	
that	 the	 use	 of	 edge	 habitat	 is	 linked	with	 directional	
movement	or	search	behaviour	at	a	higher	level	(e.g.	in	
the	search	for	mates	rather	than	for	insect	prey)	in	which	








where	 ground-nesting	 river	 birds	 have	 been	 known	 to	
nest.	 As	 the	 proportion	 of	 nests	 taken	 by	 hedgehogs	














quantification of fine-scale habitat-use by hedgehogs. 
This research generally supported habitat-use findings 
from	other	radio-tracking	and	incidental-trap-catch	data.	
This,	in	itself,	adds	to	the	body	of	information	on	habitat	
preferences	 of	 the	 European	 hedgehog	 that	 could	 be	
used	to	enhance	trapping	procedures.	We	demonstrated	















drafts and fieldwork, and numerous field assistants made 
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